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(54) Projection apparatus 



(57) A projection apparatus includes a prism holder 
for holding a synthesizing prism, the prism holder includ- 
ing a first positioning portion and being positioned and 
fixed to one .end plane and the other end plane of the 
synthesizing prism opposite to each other, except for in- 
cidence planes of the synthesizing prism on which re- 
spective color light beams are incident and an outgoing 
plane of the synthesizing prism for outputting a synthe- 



sized light flux to the side of a projection optical unit, and 
a lens holder for holding the prism holder and a projec- 
tion lens, the lens holder including a second positioning 
portion which is fitted to the first positioning portion of 
the prism holder to make positioning and fixing. Thus, 
assembling can be made with accuracy and without fail 
while positioning is made to the optical modulation ele- 
ment, the synthesizing prism, and the projection lens. 
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Description 

[0001] The present invention relates to a projection 
apparatus, and particularly to a projection apparatus in- 
cluding a positioning and fixing structure foran optical s 
prism holder and lens holder. 

[0002] In a projection apparatus using, for example, 
a plurality of light valves of liquid crystal, a white light 
beam is separated into color light beams of red, green 
and blue of the three primary colors, the color light 
beams are image modulated by the liquid crystal light 
valves, and next, the respective color light beams are 
synthesized to generate a light flux, and then, it is pro- 
jected onto a screen by a projection lens. 
[0003] Fig. 1 is a plan view showing a conventional 
projection apparatus. Liquid crystal panels 1001, 1002 
and 1003 are provided on three planes of a prism 1000, 
respectively. The liquid crystal panel 1001 is a transmis- 
sion type optical modulation element for green (G), the 
liquid crystal panel 1 002 is a transmission type optical 
modulation element for blue (B), and the liquid crystal 
panel 1003 is a transmission type optical modulation el- 
ement for red (R). 

[0004] These liquid crystal panels 1001, 1002, and 
1 003 are positioned and fixed to the prism 1 000 by stag- 
es-1004, 1005 and 1006, respectively. This prism 1000 
is fixed at the side of a projection lens holder 1014 of a 
projection lens 1010. 

[O0OS] Figs. 2 to 4 show structural examples of the 
stages 1004 to 1006. 

[0006] Positioning (registration) of the three liquid 
crystal panels 1001, 1002 and 1003 is performed in such 
a manner that one liquid crystal panel (here, the liquid 
crystal panel 1 001 for green) is mechanically set so that 
the center of the liquid crystal panel 1 001 can be located 
at the center of the prism 1000 and the projection lens 
1010, and then, simple stages with adjustable X, Y, Z 
and G axes for the other two liquid crystal panels 1002 
and 1 003 are finely adjusted with the liquid crystal panel 
1001 for green as a basis, and while the Z axis is ad- 
justed, positioning is performed so that images of the 
three liquid crystal panels 1001, 1002 and 1003 of red, 
green and blue overlap on a screen. At this time, accu- 
racy of 1/3 pixel to 1 pixel is required for the positioning 
accuracy of the three liquid crystal panels. 
[0007] Japanese Patent No. 2714939 proposes a 
method in which a polarizing plate is stuck onto each of 
three planes of a cross dichroic prism, a jig is used to 
position a liquid crystal panel on the polarizing plate, and 
the liquid crystal panel is directly fixed to the prism. 
[0008] In the foregoing liquid crystal projection appa- 
ratus, the simple adjusting stages 1004 to 1006 are pre- 
pared correspondingly to each of the liquid crystal pan- 
els, the stages are fixed to the cross dichroic prism, and 
the adjustment of positioning is performed. Thus, there 
have been problems as follows: 

(1 ) Since the stages for adjustment are provided for 



the respective liquid crystal panels of red, green and 
blue, the number of parts becomes large. 

(2) After adjustment with respect to the X, Y, 8, and 
Z axes is performed, the stage is fixed by a screw 
or the like so that it does not move. When the screw 
is tightened to fix, the stage slightly moves and 
causes a positional deviation of the liquid crystal 
panel. 

(3) if an attempt is made to adjust the positional re- 
lation of the respective liquid crystal panels with ac- 
curacy, an adjustment mechanism of the stage be- 
comes complicated, and adjustment axes are in- 
creased, so that an optical system becomes large. 

(4) It becomes difficult to secure a gap between the 
outgoing side of the liquid crystal panel and the 
prism plane, so that air comes not to pass between 
the liquid crystal panel and the prism, cooling effi- 
ciency of the liquid crystal panel is poor, and the liq- 
uid crystal panel comes not to function correctly. 

(5) Since the stage is constructed such that it is fixed 
by being always pulled by a spring or the like in one 
direction, it is weak against shock, and the position- 
al deviation of the liquid crystal panel is apt to occur 
by vibration, shock, or the like. 

(6) When the respective liquid crystal panels for red, 
green and blue are positioned with higher accuracy, 
it takes a time to position the three liquid crystal pan- 
els. 

[0009] In the method of Japanese Patent No. 
271 4939, the polarizing plate stuck on the prism can not 
be cooled, so thai its temperature becomes high by light , 
from a light source (lamp), the polarizing function of the 
polarizing plate is lost, and the optical modulation at the 
liquid crystal panel becomes impossible. 
[0010] Besides, if the liquid crystal panel is directly 
bonded onto the polarizing plate by an adhesive, when 
the adhesion is peeled for replacement of parts in the 
case where a defect occurs in the polarizing plate, the 
liquid crystal panel or the like, the parts of the polarizing 
plate and the liquid crystal panel are damaged, and us- 
able parts are also damaged and become wasted. 
[0011] Then, the present invention has been made to 
solve the above problems and an object thereof is to 
provide a projection apparatus which adopts a simple 
structure and can be assembled, while positioning of an 
optical modulation element, a synthesizing prism and a 
projection lens is made with accuracy and without fail. 
[001 2] According to a first aspect of- the present inven- 
tion, a projection apparatus includes a light source, sep- 
aration optical means for color separating a light beam 
from the light source into a plurality of color light beams, 
a plurality of transmission type optical modulation ele- 
ments for modulating the separated color light beams, 
synthesis optical means for generating a light flux by 
synthesizing the respective color light beams modulated 
by the optical modulation elements, and projection op- 
tical means for projecting the synthesized light flux, 
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wherein the projection apparatus further comprises a 
prism holder for holding a synthesizing prism as the syn- 
thesis optical means, the prism holder including a first 
positioning portion, and being positioned and fixed to 
one end plane and the other end plane of the synthesiz- 
ing prism opposite to each other, except for incidence 
planes of the synthesizing prism on which the respective 
color light beams are incident and an outgoing plane of 
the synthesizing prism for outputting the synthesized 
light flux to the side of the projection optical means, and 
a lens holder for holding the prism holder and a projec- 
tion lens as the projection optical means, the lens holder 
including a second positioning portion which is fitted to 
the first positioning portion to make positioning and fix- 
ing. 

[0013] The prism holder holds the synthesizing prism 
as the synthesis optical means. The prism holder in- 
cludes the first positioning portion, and is positioned and 
fixed to the one end plane and the other end plane of 
the synthesizing prism opposite to each other, except 
for the incidence planes of the synthesizing prism on 
which the respective color light beams are incident and 
an outgoing plane of the synthesizing prism for output- 
ting the synthesized light flux to the side of the projection 
optical means. 

[001 4] The lens holder holds the projection lens as the 
projection optical means. The lens holder includes the 
second positioning portion which is fitted to the first po- 
sitioning portion of the prism holder to make positioning 
and fixing. 

[0015] By this, the prism holder is positioned to the 
one end plane and the other end plane of the prism and 
can fix the synthesizing prism. The second positioning 
portion of the lens holder can be fixed while positioning 
is made, by using and fitting the first positioning portion 
of the prism holder. 

[0016] Like this, although the structure is simple, the 
lens holder and the prism holder, and the projection lens 
and the synthesizing prism can be fixed and assembled 
while positioning is made without fail. 
[0017] According to a second aspect of the present 
invention, in the foregoing projection apparatus, the first 
positioning portion of the prism holder includes a posi- 
tioning hole, the second positioning portion of the lens 
holder includes a positioning pin which is inserted in the 
positioning hole to position the prism holder with respect 
to the lens holder, and the lens holder and the prism 
holder are fixed by screwing after positioning. 
[001 8] The first positioning portion of the prism holder 
includes the positioning hole, and the second position- 
ing portion of the lens holder includes the positioning pin 
which is inserted in the positioning hole to position the 
prism holder with respect to the lens holder. By this, by 
inserting the positioning pin in the positioning hole, the 
prism holder and the lens holder can be easily posi- 
tioned. The lens holder and the prism holder are fixed 
by screwing after positioning. 

[0019] According to a third aspect of the present in- 



vention, the projection apparatus of the first aspect in- 
cludes a first fixing member which is disposed opposite 
to one of the three incidence planes on which the color 
light beams of the synthesizing prism are incident, is 

s bonded to the one end plane and the other end plane of 
the synthesizing prism, and includes an opening portion 
through which the color light beams modulated by the 
optical modulation element pass, and a plurality of ear- 
shaped protrusions; and a second fixing member which 

to is put into close contact with and is fixed to the first fixing 
member so that the optical modulation element is fixed 
to the side of the synthesizing prism, includes an open- 
ing portion through which the color light beams modu- 
lated by the optical modulation element pass, and a plu- 

is rality of ear-shaped protrusions, wherein the protrusions 
of the first fixing member and the protrusions of the sec- 
ond fixing member are fixed by bonding or soldering in 
a state where the three optical modulation elements are 
respectively positioned to the three incidence planes of 

20 the synthesizing prism on which the color light beams 
are incident so that the color light beams form the light 
flux synthesized by the synthesizing prism. 
[0020] The first fixing member is disposed opposite to 
one of the three incidence planes, and is bonded to the 

2S one end plane and the other end plane of the synthesiz- 
ing prism. The first fixing member includes the opening 
portion through which the color light beams modulated 
by the optical modulation element pass, and the ear- 
shaped protrusions. The second fixing member is put 

30 into close contact with and is fixed to the first fixing mem- 
ber so that the optical modulation element is fixed to the 
side of the synthesizing prism. The second fixing mem- 
ber includes the opening portion through which the color 
light beams modulated by the optical modulation ele- 

35 ment pass, and the ear-shaped protrusions. 

[0021] The protrusions of the first fixing member and 
the protrusions of the second fixing member are fixed 
by bonding or soldering in the state where the three op- 
tical modulation elements are respectively positioned to 

40 the three incidence planes on which the color light 
beams of the synthesizing prism are incident so that the 
color light beams reproduce the light flux synthesized 
by the synthesizing prism. 

[0022] According to a fourth aspect of the present in- 
4S vehtion, in the projection apparatus of the third aspect, 
the adhesive is a photo-curing adhesive. 
[0023] By using the photo-curing adhesive, bonding 
can be easily made. 

[0024] Embodiments of the invention will now be de- 
so scribed, by way of example only, with reference to the 
accompanying drawings, in which: 
[0025] Fig. 1 is a plan view showing an optical unit of 
a conventional projection apparatus. 
[0026] Fig. 2 is a front view showing an example ol a 
ss mounting bracket of the conventional liquid crystal pan- 
el. 

[0027] Fig. 3 is a side view showing the mounting 
bracket of the conventional liquid crystal panel. 
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[0028] Fig. 4 is a view showing a state where the con- 
ventional mounting bracket is fixed to a prism side. 
[0029] Fig. 5 is a side view showing an internal struc- 
ture of a projection apparatus of a preferred embodi- 
ment of the present invention. 

[0030] Fig. 6 is a front view of the projection apparatus 
of Fig. 5. 

[0031] Fig. 7 is a plan view showing an optical struc- 
tural example of the optical unit of Fig. 5. 
[0032] Fig. 8 is a perspective view showing an attach- 
ment structural example of a synthesizing prism and a 
liquid crystal panel. 

[0033] Fig. 9 is an exploded perspective view showing 
a structural example in which a synthesizing prism and 
a projection lens are positioned and fixed through a 
prism holder and a lens holder. 

[0034] Fig. 10 is a perspective view showing an ex- 
ample of the prism holder of Fig. 9. 
[0035] Fig. 1 1 is a perspective view of the prism holder 
seen from another plane. 

[0036] Fig. 12 is a plan view showing a state where 
the projection lens and the synthesizing prism are posi- 
tioned and fixed. 

[0037] Hereinafter, preferred embodiments of the 
present invention will be described in detail with refer- 
ence to the accompanying drawings. 
[0038] The. embodiments described below are pre- 
ferred concrete examples of the present invention, and 
various preferable technical limitations are added, but 
the scope of the present invention is not limited to these 
embodiments unless a statement of limiting the present 
invention appears in the following explanation. 
[0039] Figs. 5 and 6 show preferred embodiments of 
a projection apparatus of the present invention. 
[0040] A projection apparatus 100 is a so-called rear 
projection apparatus using three liquid crystal panels 
The projection apparatus 100 includes a housing 37, 
and an optical unit 34 is accommodated in a lower cab- 
inet 38 of the housing 37. An image 15A projected from 
a projection lens 15 of the optical unit 34 is turned by a 
back reflecting mirror 36 and is projected onto a screen 
35. An enlarged image projected onto the screen 35 is 
seen from the direction of arrow T. 
[0041] Fig. 7 shows a detailed structural example of 
the optical unit 34 shown in Fig. 5. 
[0042] In Fig. 7, after illumination light formed by a 
light source 1 such as a metal halide lamp passes 
through a cut filter 2 for blocking ultraviolet rays and in- 
frared rays, its course is changed by a reflecting mirror 
3a by 90° , it is transmitted through lens arrays 4a and 
4b, and enters a prism polarization converting element 

5, so that it is separated to a P wave and an S wave. 
[0043] The P wave is transmitted through the prism, 
and the S wave is reflected by the prism plane and is 
further reflected by a reflecting film formed at an adja- 
cent prism, and travels toward a main condenser lens 

6. At this time, the S wave is converted to the P wave 
by a half-wave plate between the prism polarization con- 



verting element 5 and the main condenser lens 6. 
[0044] The P wave transmitted through the prism and 
the P wave of the converted S wave are condensed by 
the main condenser lens 6, and are incident on a first 
5 dichroic mirror 7. The incident illumination light is color 
separated by the first dichroic mirror 7, a red (R) light 
beam is reflected, and a green (G) light beam and a blue 
(B) light beam are transmitted. 

[0045] The red (R) light beam, which was color sepa- 
io rated and was reflected by the first dichroic mirror 7, is 
transmitted through a red filter 8, is reflected by a re- 
flecting mirror 3b, is further condensed by a condenser 
lens 10a, is transmitted through a polarizing plate 11 -1a 
bonded to the condenser lens 1 0a and a half-wave plate 
is 11a, and illuminates a liquid crystal panel 12a. The liquid 
crystal panel 12a for red is driven on the basis of a red 
image signal supplied from a driving circuit (not shown) 
and light modulation is performed through transmission 
of red. 

20 [0046] On the other hand, the green and blue light 
beams G and B transmitted through the first dichroic mir- 
ror 7 are further color separated by a second dichroic 
mirror 9. The green (G) light beam is reflected and is 
incident on a condenser lens 10b, is further condensed 

2S by a condenser lens 10b, is transmitted through a po- 
larizing plate 11 -1b bonded to the condenser lens 10b 
and a half-wave plate 11b, and illuminates a liquid crys- 
tal panel 12b. The liquid crystal panel 12b for green is 
driven on the basis of a green image signal supplied 

30 from a driving circuit (not shown) and light modulation 
is performed through transmission of green. 
[0047] The blue (B) light beam transmitted through 
the second dichroic mirror 9 is transmitted through a re- 
lay lens 13a, is turned by a reflecting mirror 3c by 90 D ; 

35 is incident on a relay lens 1 3b, is transmitted through 
the lens, is further rotated by a reflecting mirror 3d by 
90° , is incident on a condenser lens 10c, is further con- 
densed by the condenser lens 10c, is transmitted 
through a polarizing plate 1 1 -1 c bonded to the condens- 

40 er lens 10c and a half-wave plate 11c, and illuminates 
a liquid crystal panel 12c. The liquid crystal panel 12c 
for blue is driven on the basis of a blue image signal 
supplied from a driving circuit (not shown) and light mod- 
ulation is performed through transmission of blue, 

45 [0048] The light beams (illumination light beams) 
transmitted through the liquid crystal panel 12a for red, 
the liquid crystal panel 1 2b for green, and the liquid crys- 
tal panel 12c for blue on the basis of the driving signal 
are transmitted through the polarizing plates 11 -1a, 

50 1 1 -1 b, and 1 1 -1 c bonded to the respective prism planes 
of red, green and blue of a cross dichroic prism 14 and 
the half-wave plates 1 1 a, 1 1 b and 1 1 c, and further color 
magnification correcting lenses 33a, 33b and 33c, and 
are incident on the cross dichroic prism 1 4. 

55 [0049] The respective red, green and blue light beams 
incident on the cross dichroic prism 14 are reflected 
(green beam is transmitted) by reflecting films of the 
prism planes formed to cross each other, are color syn- 
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thesized, are enlarged by a projection lens 15, and are 
projected onto a screen 35 fixed to the housing 37 of 
Fig. 5. 

[0050] The half -wave plates 11a, 11b and 11c at the 
incident side function in such a manner that the phase 
of an illumination light beam (P wave in the horizontal 
direction) is changed and the illumination light beam is 
made incident on the liquid crystal panel from the direc- 
tion of angle of 45° with respect to the horizontal direc- 
tion of the liquid crystal panel, so that light leaking from 
the liquid crystal panel is reduced, the contrast of the 
liquid crystal panel is raised, and the image quality is 
improved. Since a light beam at the time when an illu- 
mination light beam goes out after twisted through the 
liquid crystal panel by 90° , so-called outgoing light 
beam (S wave) is tilted by 45° with respect to the hori- 
zontal direction of the liquid crystal panel, the half-wave 
plate at the' outgoing side of the liquid crystal panel 
changes its phase to the vertical direction, makes the 
outgoing light beam vertically incident on the polarizing 
plates 11-1a, 11-1b, and 11-1c at the outgoing side of 
the liquid crystal panel, makes the light beam the same 
S wave (vertical direction), and makes the light beam 
incident on the cross dichroic prism. 
[0051] When light beams are transmits through a 
prism and a projection lens, their enlargement ratios are 
slightly different due to the red, green and blue wave- 
lengths. The color magnification correcting lenses 33a, 
33b and 33c correct the enlargement ratios. 
[0052] N ext, a mounting structure of the cross dichroic 
prism (hereinafter referred to as a synthesizing prism) 
14 and the three liquid crystal panels 12a, 12b and 12c 
will be described with reference to Fig. 8. 
[0053] The synthesizing prism 14 includes one end 
plane 1 30, the other end plane 140, an outgoing plane 
150, and three incidence planes 160, 170, and 180. The 
one end plane 130 and the other end plane 140 are 
planes orthogonal to the outgoing plane 150, and the 
incidence planes 160, 170 and 180. 
[0054] The color magnification correcting lens 33a, 
the polarizing plate 11-1a, and the half-wave plate 11a 
are stuck On the incidence plane 1 80 of the synthesizing 
prism 14. In the same way, the color magnification cor- 
recting lens 33b, the polarizing plate 11 -1 b, and the half- 
wave plate 11b are stuck on the incidence plane 170. 
The color magnification correcting lens 33c, the polar- 
izing plate 11-1c, and the half-wave plate 11c are stuck 
on the incidence plane 160. 

[0055] The outgoing plane 1 50 is a plane opposite to 
the projection lens 15, and a synthesized light flux L trav- 
els from the outgoing plane 150 to the side of the pro- 
jection lens 15. 

[0056] The incidence plane 1 70 is a plane on which a 
green light flux after modulation is incident, the inci- 
dence plane 160 is a plane on which a blue light flux 
after modulation is incident, and the incidence plane 1 80 
is a plane on which a red light flux after modulation is 
incident. 



[0057] The corresponding liquid crystal panels 12a, 
1 2b and 1 2c are fixed to the respective incidence planes 
180, 170 and 160 by using a liquid crystal panel fixing 
bracket 29 as a first fixing member and a liquid crystal 
5 panel mounting bracket 26 as a second fixing member 
as shown in Fig. 8. 

[0058] The example of Fig. 8 shows a structure where 
the liquid crystal panel 1 2a for red is representatively 
fixed to the incidence plane 180. 
io [0059] The liquid crystal panel 1 2a is fixed to the liquid 
crystal panel mounting bracket 26 by, for example, four 
screws 26M. The liquid crystal panel mounting bracket 
26 includes, for example, four ear-shaped protrusions 
27. A hole 28 is provided in each of the ear-shaped pro- 
's trusions 27. The liquid crystal panel mounting bracket 
26 is a rectangular or square metal plate, and a rectan- 
gular opening portion 26A is formed at the center of the 
liquid crystal panel mounting bracket 26. This opening 
portion 26A has almost the same size as a display por- 
20 tion of the liquid crystal panel 1 2a. 

[0060] The liquid crystal panel fixing bracket 29 has, 
for example, four ear-shaped protrusions 30, and a hole 
31 is formed in each of the ear-shaped protrusions 30. 
This protrusion 30 is located at a position corresponding 
25 to the protrusion 27 of the liquid crystal panel mounting 
bracket 26. In the state where. the protrusion 30 of the 
liquid crystal panel fixing bracket 29 is joined to the pro- 
trusion 27 of the liquid crystal panel mounting bracket 
26, they can be fixed by, for example, a photo-curing 
30 adhesive or soldering. 

[0061] As the photo-curing adhesive, for example, a 
UV adhesive (ultraviolet ray curing resin) can be used. 
[0062] The liquid crystal panel fixing bracket 29 in- 
cludes two bonding portions 32a and 32b at the center 
35 portion. The bonding portions 32a and 32b include re- 
spectively square holes 32c. The bonding portion 32a 
is located at the side of the one end plane 130 of the 
synthesizing prism 1 4, and the bonding portion 32b is 
located at the side of the other end plane 1 40 of the syn- 
40 thesizing prism 14. 

[0063] The shape of the protrusion 30 of the liquid 
crystal panel fixing bracket 29 is the same as that of the 
protrusion 27 of the liquid crystal panel mounting brack- 
et 26, and the surface area is small. This structure is 
45 adopted to obtain such effects that, for example, in the 
case where the protrusions 27 and 30 are mutually fixed 
by soldering, an escape of heat at the soldering can be 
prevented. Further, the holes 31 and 28 are respectively 
formed in the protrusions 30 and 27, that is, such con- 
so trivance is made that the surface areas of the protru- 
sions 30 and 27 are further decreased so that heat does 
not escape at the time of fixing the protrusions 30 and 
27 by soldering. 

[0064] Next, a working example of positioning and fix- 
55 jng the liquid crystal panel 12a of Fig. 8 at the side ol 
the incidence plane 180 will be described. 
[0065] First, the bonding portions 32a and 32b of the 
liquid crystal panel fixing bracket 29 are positioned to 
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the one end plane 130 and the other end plane 140 of 
the synthesizing prism 1 4, and a U V adhesive is injected 
along the square holes 32c of the bonding portions 32a 
and 32b, so that the liquid crystal panel fixing bracket 
29 is put into close contact with the incidence plane 1 80 s 
and is disposed. 

[0066] Next, the liquid crystal panel mounting bracket 
26 is fixed to the liquid crystal panel fixing bracket 29 by, 
for example, soldering. That is, the protrusion 30 of the 
liquid crystal panel fixing bracket 29 is fixed to the pro- 
trusion 27 of the liquid crystal panel mounting bracket 
26 by soldering. At this time, the surface areas of the 
respective protrusions 27 and 30 are small, and the 
holes 31 and 28 are provided to set the surface areas 
small, so that escape of heat at the time of soldering can 
be prevented. By this, the protrusions 27 and 30 can be 
fixed by soldering without fail and in a short time. 
[0067] The protrusion 27 is formed to protrude toward 
the side of the liquid crystal panel fixing bracket 29, and 
on the contrary the protrusion 30 is formed to protrude 
toward the side of the liquid crystal panel mounting 
bracket 26. By this, when the protrusions 27 and 30 are 
fixed by soldering, a gap is generated between the liquid 
crystal panei fixing bracket 29 and the liquid crystal pan- 
el mounting bracket 26. Since the wind passes through 
this gap, cooling of the liquid crystal panel 12a can be 
effectively performed. 

[0068] The liquid crystal panel 12a is fixed to the liquid 
crystal panel mounting bracket 26 by the screws 26M. 
An opening portion 29A of the liquid crystal panel fixing 
bracket 29 is set larger than the opening portion 26A of 
the liquid crystal panel mounting bracket 26. Fig. B 
shows an example in which the liquid crystal panel 12a 
is opposed to and is fixed to the incidence plane 180 of 
the synthesizing prism 14. This can be performed in the 
same manner also in the case where the liquid crystal 
panels 12b and 12c shown in Fig. 9 are fixed to the in- 
cidence planes 170 and 160 in Fig. 8, respectively. 
[0069] Before fixing of the protrusions 27 and 30 by 
soldering is performed, positional adjustment of the liq- 
uid crystal panels 1 2a, 1 2b, and 1 2c as described below 
is carried out. That is, after the liquid crystal panel 12a 
shown in Fig. 8 is subjected to the total 6-axis adjust- 
ment of X axis direction, Y axis direction, Z axis direc- 
tions axis rotation direction with respect to the inci- 
dence plane 180, inclination adjustment with respect to 
the X axis direction, and inclination adjustment with re- 
spect to the Y axis direction, the protrusions 27 and 30 
are positioned and fixed by soldering. 
[0070] By this, the liquid crystal panel 1 2a can be sub- 
jected to accurate position adjustment with respect to 
the incidence plane 180, and similarly, the liquid crystal 
panel 12b can also be subjected to accurate position 
adjustment with respect to the incidence plane 170, and 
further, the liquid crystal panel 12c can also be subjected 
to accurate position adjustment with respect to the inci- 
dence plane 160, and each can be fixed. 
[0071]. The color magnification correcting lenses 33a, 



33b and 33c are previously stuck on the incidence 
planes 180. 170 and 160 of the prism corresponding to 
red, green and blue of the synthesizing prism 14 of Fig. 
8, the polarizing plates 1 1 -1 a, 1 1 -1 b, and 1 1 -1 c are stuck 
on the color magnification correcting lenses 33a, 33b 
and 33c, and further, the half-wave plates 11a, 11b and 
11c are stuck thereon. 

[0072] Besides, the periphery of the respective color 
magnification correcting lenses 33a, 33b and 33c is 
masked by the liquid crystal panel fixing bracket 29, so 
that stray light from portions other than effective planes 
on the incidence planes 180, 170 and 160 of the prism 
can be blocked. 

[0073] Next, with reference to Figs. 9 to 1 2, a descrip- 
tion will be made on a structural example in which the 
synthesizing prism 14 assembled in the manner shown 
in Fig. 8, three liquid crystal panels 12a, 12b and 12c, 
and the projection lens 15 are optically positioned and 
fixed by using a prism holder 17 and a lens holder 22. 
[0074] In Fig. 9, the synthesizing prism 14 is fixed by 
the prism holder 17, and the projection lens 15 is held 
in the lens holder 22. The synthesizing prism 14 shown 
in Fig. 9 includes the three liquid crystal panels 1 2a, 1 2b 
and 1 2c positioned and fixed in the manner shown in 
Fig. 8. The prism holder 17 includes a first positioning 
portion 120, and the lens holder 22 includes a second 
positioning portion 140. 

[0075] The first positioning portion 120 of the prism 
holder 1 7 has a structure as shown in Figs. 9 to 11 . First, 
the structure of the prism holder 17 will be described. 
The prism holder 17 includes a base 200 and attach- 
ment portions 210 and 220. The attachment portions 
21 0 and 220 are respectively formed to protrude per- 
pendicularly from the base 200, and each includes holes 
22a and 22b. 

[0076] The attachment portions 210 and 220 are 
close contact portions for fixing the one end plane 130 
and the other end plane 140 of the synthesizing prism 
14 by adhesion. Thus, the holes 22a and 22b are holes 
for injecting a UV adhesive. By this, the attachment por- 
tion 210 is bonded to the one end plane 1 30 of the syn- 
thesizing prism 14, and the attachment portion 220 is 
bonded to the other end plane 140 of the synthesizing 
prism 14. 

[0077] The base 200 includes a circular opening por- 
tion 230, and includes ear-shaped protrusions 240 and 

250. The'protrusions 240 and 250 include holes 241 and 

251, respectively. An upper end plane 255 of the base 
200 includes holder fixing holes 1 9a and 1 9b, arid posi- 
tioning holes 1 8a and 1 8b. As shown in Fig. 1 1 , the rear 
side of the base 200 is a space portion 270 and is con- 
nected with the opening portion 230. 

[0078] On the other hand, the second positioning por- 
tion 1 40 of the lens holder 22 has the following structure. , 
As shown in Fig. 9, the lens holder 22 includes screw 
holes 25a, 25b, 25c and 25d. As shown in Fig. 1 2, these 
screw holes 25a to 25d are designed so that the lens 
holder 22 is fixed to the side of the housing 1 6 by fixing 
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screws 290. The lens holder 22 of Fig. 9 includes an 
opening portion 300. The opening portion 300 is a por- 
tion coincident with the opening portion 230 of the prism 
holder 17 of Fig. 10. The lens holder 22 includes screw 
holes 24a and 24b, and include positioning pins 23a and 
23b. The screw holes 24a and 24b are located at posi- 
tions corresponding to the holder fixing holes 19a and 
1 9b of the prism holder 17. The positioning pins 23a and 
23b are Inserted in the positioning holes 18a and 18b of 
the prism holder 17, so that positioning between the 
prism holder 17 and the lens holder 22 is carried out. 
[0079] Further, the lens holder 22 includes guide 
grooves 340 and 340. Supports 390 and 390 of the 
prism holder 17 shown in Fig. 11 are inserted in the 
guide grooves 340 and 340. As shown in Fig. 9, holes 
241 and 251 of protrusions 240 and 250 of the supports 
390 and 390 fit to holes 24c and 24d of the lens holder 
22, respectively. 

[0080] As shown in Fig. 9, screws 400 are inserted in 
the holder fixing holes 1 9a and 1 9b of the prism holder 
17 and the screw holes 24a and 24b of the lens holder 
22, respectively, so that the prism holder 17 and the lens 
holder 22 can be united and fixed. At this time, since the 
positioning pins 23a and 23b of the lens holder 22 are 
inserted in the positioning holes 18a and 18b, the prism 
holder 17 and the lens holder 22 can be certainly posi- 
tioned and fixed. 

[0081 ] Further, positioning is made between the holes 
24c and 24d of the lens holder 22 and the holes 241 and 
251 of the prism holder 1 7, and screws 41 0 are inserted 
in the holes therebetween, so that the prism holder 17 
and the lens holder 22 can be further united by the 
screws 410. 

[0082] Fig. 12 shows a state where the lens holder 22 
of the projection lens 15 and the prism holder 17 are 
assembled like this. 

[0083] In the embodiment of the present invention, a 
state where the synthesizing prism 14 and the liquid 
crystal panels 12a, 12b and 12c are fixed to the prism 
holder 17, a so-called prism block is formed, so that as- 
sembling to the projection lens 15 becomes easy. 
. [0084] The position in g holes 1 8a and 1 8b of the prism 
holder 17 of the prism block are fitted to the positioning 
pins 23a and 23b of the projection lens holder 22, so 
that positioning of the synthesizing prism 1 4 and the pro- 
jection lens 15 is made, and the optical axes of the pro- 
jection lens and the prism are coincident with each other. 

[0085] The exchange of the prism block can be easily 
made by only taking off the screws fixed to the prism 
fixing screw holes 24a, 24b, 24c and 24d of the lens 
holder 22. If prism blocks are made compatible, any 
prism block can be mounted. 

[0086] I n the embodiment of the present invention, the 
synthesizing prism 14 is mounted in such a manner that 
its upper and lower planes are held between the prism 
holder 17. At this time, preferably the synthesizing 
prism 1 4 is pressed against one plane of the prism hold- 



er 1 7 at the upper side and at the projection lens 1 5 side, 
the two planes are base positioned, further, positioning 
is made using an adjustment jig with laser beam so that 
the right and left center of the prism coincides with the 

s light axis of the projection lens 15, and when positioning 
is completed, ultraviolet ray curing resin (UV) is poured 
into the adhesion fixing holes 22a and 22b, and is cured 
by light to make adhesive bonding. 
[0087] The liquid crystal panel fixing brackets (mem- 

io bers) 29 shown in Fig. 8 are bonded to the three planes 
of the cross dichroic prism 14 in such a manner that po- 
sitioning is made using a jig to fasten the prism, ultravi- 
olet ray curing resin is poured in the square hole 32c for 
UV adhesion, and is cured by light to make adhesive 

is bonding. 

[0088] The merit of fixing the synthesizing prism 14 
by using the upper and lower planes of the synthesizing 
prism 1 4 as described above is that since the adhesion 
plane of the prism is suitably roughened, adhesive 
20 bonding is excellently made. Besides, curing can be 
made by irradiation of light from one direction at the time 
of curing. Further, it is possible to mention such merits 
that there is no fear that an adhesive sticks out to the 
prism plane. 

25 [0089] Besides, since the state where three liquid 
crystal panels are fixed to the synthesizing prism, that 
is, the prism block is formed, in the case where defects 
of a liquid crystal panel occur, service can be easily 
made by exchanging only the prism block. 

30 [0090] The embodiment of the present invention has 
such structure that the members (liquid crystal mounting 
bracket, liquid crystal fixing bracket) are bonded to the 
upper and lower planes of the cross dichroic prism, and 
further, the liquid crystal panel is fixed through the mem- 

35 bers by soldering or adhesive, and the prism holder is 
bonded by using the upper and lower planes of the cross 
dichroic prism. Thus, the following merits are obtained. 
[0091] Positioning of the liquid crystal panel can be 
made with accuracy, and it is possible to obtain high im- 

40 age quality with little color deviation of three colors of 
red, green and blue. 

[0092] Since a simple stage conventionally used can 
be omitted, it is possible to reduce the number of parts 
and to reduce the cost. 

45 [0093] The liquid crystal panel is fixed to the side of 
the synthesizing prism by soldering or ultraviolet ray cur- 
ing resin, so that registration (position) deviation by fall- 
ing, shock, or the like can be eliminated. 
[0094] The member is bonded to the upper and lower 

50 planes of the synthesizing prism, and the liquid crystal 
panel is fixed through the member by soldering or ad- 
hesive, so that the prism block can be made small. Fur- 
ther, the whole of the optical unit can be made small. 
[0095] Since parts such as a simple stage are elimi- 

55 nated from the periphery of the prism, a space can be 
formed between the liquid crystal panel and the polar- 
izing plate, so that the liquid crystal panel and the po- 
larizing plate can be effectively cooled. 
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[0096] When the members are bonded to the upper 
and lower planes of the cross dichroic prism, since ul- 
traviolet rays are irradiated in one direction to make cur- 
ing, work efficiency is excellent. 

[0097] In the case where a defect occurs in the liquid s 
crystal panel, the exchange of the prism block can be 
easily made. Since the prism block is directly fixed to 
the projection lens holder, assembling can be made with 
accuracy.- 

[0098] Although the embodiment has been described io 
in detail, the present invention is not limited to the three- 
plate type projection apparatus, but can also be applied 
to another projection apparatus. 

[0099] As described above, according to the present 
invention, although a simple structure is adopted, as- is 
sembling can be done with accuracy and without fail 
while positioning of an optical modulation element, and 
a synthesizing prism and a projection lens is made. 

20 

Claims 

1. A projection apparatus comprising: 

a light source; 25 
separation optical means for color separating a 
light beam from the light source into a plurality 
of color light beams; 

a plurality of transmission type optical modula- 
tion elements for modulating the separated 30 
color light beams; 

synthesis optical means for generating a light 
flux by synthesizing the respective color light 
beams modulated by the optical modulation el- 
ements; and 35 
projection optical means for projecting the syn- 
thesized light flux, wherein the projection appa- 
ratus further comprises: 
a prism holder for holding a synthesizing prism 
as the synthesis optical means, the prism hold- 40 
er including a first positioning portion, and be- 
ing positioned and fixed to one end plane and 
the other end plane of the synthesizing prism 
opposite to each other, except for incidence 
planes of the synthesizing prism on which the 45 
respective color light beams are incident and 
an outgoing plane of the synthesizing prism for 
outputting the synthesized light flux to the side 
of the projection optical means, and 
a lens holder for holding the prism holder and so 
a projection lens as the projection optical 
means, the lens holder including a second po- 
sitioning portion which is fitted to the first posi- 
tioning portion of the prism holder to provide po- 
sitioning and fixing. ss 

2. A projection apparatus according to claim 1 , where- 
in the prism holder includes attachment portions 



protruding to pinch the one end plane and the other 
end plane of the synthesizing prism, and a hole for 
injection of an adhesive is provided in the attach- 
ment portion. 

3. A projection apparatus according to claim 1 or 2, 
wherein the first positioning portion of the prism 
holder includes a positioning hole, the second po- 
sitioning portion of the lens holder includes a posi- 
tioning pin which is inserted in the positioning hole 
to position the prism holder with respect to the lens 
holder, and the lens holder and the prism holder are 
fixed by screwing after positioning. 

4. A projection apparatus according to claim 3, where- 
in the prism holder is detachably screwed tothe lens 
holder. 

5. A projection apparatus according to any one of the 
preceding claims, wherein the lens holder is mount- 
able to a housing of the projection apparatus in a 
state where the prism holder is mounted to the lens 
holder. 

6. A projection apparatus according to any one of the 
preceding claims, further comprising: 

a first fixing member which is disposed opposite 
to one of the three incidence planes on which 
the color light beams of the synthesizing prism 
are incident, is bonded to the one end plane and 
the other end plane of the synthesizing prism, 
and includes an opening portion through which 
the color light beam modulated by a said optical 
modulation element pass, and a plurality of ear- 
shaped protrusions; and 
a second fixing member which is put into close 
contact with and is fixed to the first fixing mem- 
ber so that the optical modulation element is 
fixed to a side of the synthesizing prism, in- 
cludes an opening portion through which Ihe 
color light beam modulated by the optical mod- 
ulation element pass, and a plurality of ear- 
shaped protrusions, 

wherein the protrusions of the first fixing mem- 
ber and the protrusions of the second fixing 
member are fixed by bonding or soldering in a 
state in which the or each of the plurality of op- 
tical modulation elements are respectively po- 
sitioned to the incidence planes of the synthe- 
sizing prism on which the color light beams are 
to be incident so that the color light beams form 
the light flux synthesized by the synthesizing 
prism. 

7. A projection apparatus according to claim 6, where- 
in the bonding comprises a photo-curing adhesive. 
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8. A projection apparatus according to claim 6 or 7. 
wherein the number of ear-shaped protrusions of 
the first fixing member is equal to that of the second 
fixing member, the corresponding ear-shaped pro- 
trusions are fixed to each other by an adhesive or s 
soldering, and air for cooling is, in use, capable of 
being made to flow between the first fixing member 
and the second fixing member. 

9. A projection apparatus according to claim 6, 7 or 8, io 
wherein a hole is provided at a root of each of the 
plurality of ear-shaped protrusions, which are pro- 
vided to the first fixing member, with respect to a 
main body of the first fixing member to increase 
thermal resistivity. is 

10. A projection apparatus according to claim 6, 7, 8 or 
9, wherein a hole is provided at a root of each of the 
plurality of ear-shaped protrusions, which are pro- 
vided to the second fixing member, with respect to 20 
a main body of the second fixing member to in- 
crease thermal resistivity. 

11. A projection apparatus according to any one of 
claims 6 to 10, wherein the first fixing member in- 25 
eludes bracket portions bonded to the one end 
plane and the other end plane of the synthesizing 
prism, and a hole portion for injection of an adhesive 

for fixing is provided in the bracket portions. 

30 

12. A projection apparatus according to any one of 
claims 6 to 11 , wherein a periphery of the opening 
portion of the second fixing member blocks stray 
light incident on the incidence planes of the synthe- 
sizing prism. 35 

13. A projection apparatus according to any one of the 
preceding claims, wherein the or each optical mod- 
ulation element is a transmission type liquid crystal 
element. 40 
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